Editors: Nilanjan Banerjee and Sami Rollins Breanne K. Litts, Whitney E. Lewis Utah State University

MOBILE AUGMENTED REALITY:
Exploring a new genre of learning
The proliferation of smartphones provides easy access to experience augmented reality (AR), which has fundamentally shifted the conversation around educational technology both in and out of classrooms. Early research on this new genre of teaching and learning afforded by AR has shown to improve and/or increase learning performance, learning motivation, student engagement, and positive attitudes (Bacca et al., 2014) . As mobile technologies reach ubiquity, educators have become exceptionally concerned with designing tools and activities that equip young people to engage with these technologies as producers not just consumers. Of equal significance is the critical issue of ensuring that all young people have equitable access to not only the technologies but also to be able to participate in creating the technologies (Kafai & Burke, 2013) . In this column, our goal is to present one approach by which we can empower all young people to produce with mobile augmented reality technologies.
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O ur team, the Learn Explore Design (LED) Lab at Utah State University, explores equitable and accessible design of tools and activities that situate young people as producers of mobile augmented reality technologies. Specifically, we examine how learners engage with and participate in the process of making mobile games and stories with augmented reality technologies. We predominantly use the Augmented Reality and Interactive Storytelling (ARIS; Holden, Gagnon, Litts & Smith, 2014) platform, which is a narrative-based mobile development platform for making locationbased games and stories. ARIS is made up of a web-based editor (for creating) and a client-based app (for playing). In contrast to other visual programing tools, such as Scratch, which uses a color-coded, puzzle-like framework for coding, ARIS leverages a narrative metaphor through which learners use narrative elements (e.g., scenes, characters, conversations, etc.) to build their mobile games and stories (see Figure 1) .
Over two years, we conducted a series of four after-school workshops during which learners produced their own mobile augmented reality games or stories with the ARIS platform. Across workshops, 33 young people (ages 9 to 17) designed and developed their own location-based experiences over the course of three to six meetings resulting in 6 to 12 hours of design time (times varied across workshops). Four young people participated in two workshops and eight opted to work in pairs resulting in 33 games. Our prompts in each workshop differed slightly but all targeted local themes, whether it be plants and animals or civic issues more broadly. For example, in the first workshop we prompted participants to "Make your own Pokemon Go with local plants and animals, " whereas in the last workshop we pushed participants to consider how they could use ARIS to inspire and engage their local community members about a civic issue (e.g., wildfires, pollution, etc.). In this article, we share our findings from this work to illustrate how learners engage with and participate in creating with mobile augmented reality technologies. As mobile and AR technologies become more ubiquitous, we need to engage young people in learning how to design and produce with these technologies. Effectively preparing young people to engage this new genre of learning equips them to become successful contributors to our growing digital economy.
LEARNERS AS PRODUCERS OF MOBILE AUGMENTED REALITY TECHNOLOGIES
From our qualitative data across workshops, we have identified two central themes of how learners engage as producers of mobile augmented reality technologies. First, learners meaningfully engage with computational concepts and practices. Second, learners engage with their local environment and community in ways that prompt civic participation. In our workshops, learners generally applied the following design process: introductory discussion and activity, research, storyboarding, digital development, playtesting, debugging, and sharing (see Figure 2 below).
Engaging with computational content through mobile augmented reality
Through a combination of qualitative and learning analytic approaches, we have found that young people effectively engage with computational thinking (Grover & Pea, 2013) through producing with mobile augmented technologies (Mortensen, Litts, Lewis, & Benson, 2018) . Broadly, across participants we found that through producing with mobile augmented reality technologies, learners engaged deeply with algorithmic thinking, debugging, and conditional logic. We present one participant's design process as an illustrative example of how young people across workshops participated with these three computational elements.
[EDUCATION] Gracie is a 10-year-old Hispanic girl whose design process (see Figure 2 ), demonstrates the complexities of engaging algorithmic thinking in creating a mobile augmented reality design. In her game, All Doggies are Cute, Gracie worked through a sophisticated algorithmic thinking process by first programming a factory, an ARIS element that spawns an item in the game world based on an algorithm with several manipulable variables, including time and distance. Gracie shares her challenge with this computational thinking element:
"Since I don't want it to be too easy I accidentally made [the item] really, really far. That I think I had to walk two of these buildings just to get it. But then when I get there, it already is gone and then I have to walk all the way back. And then I found one that I had to walk again, by the time I get there it's gone" (Interview, March 30, 2017).
Here, Gracie illustrates a conceptual challenge many young people have in our workshops: mapping digital algorithms onto physical space. Through a trial-anderror approach to debugging, another computational thinking element, that bridged digital and physical worlds, Gracie expounded how she resolved the issue, "I fixed the range of how far you needed to walk to get it" (Interview, March 30, 2017). Across our workshops, almost all participants have had difficulty connecting the factory algorithm to real-world time and space. Thus, the debugging process often includes iterations of digital adjustments followed by in-situ testing, which is unique to locationbased mobile technologies. Interestingly, once Gracie got the hang of it, she designed her whole game around this computational mechanic. She describes her final design:
"Well, at first, for the like three levels it's gonna be pretty easy. But then the items are gonna be harder to catch: it's gonna be further away from you, you're gonna have less time, and it's gonna pop up, some really good things are gonna pop up less, like the "PUPPY!". One percent [likelihood of appearing] in [every] 10 seconds and I still haven't found it" (Interview, March 30, 2017).
Not only does Gracie employ several computational thinking elements throughout the development of her mobile augmented reality game, but she also demonstrates how young people can cultivate computational literacy and expertise even over the course of a singular design process.
Another significant computational thinking element with which learners engaged across workshops is conditional logic. One of the key representations of conditional logic in ARIS is a "lock, " which is a metaphor for an ifthen logic statement that controls flow and sequencing of the experiences and interactions throughout the game or story. For instance, Gracie added logic with a lock (see Figure 3 ) that controlled when the player could begin collecting fruit to feed the animals in her game. The player unlocked this lock by completing the introduction conversation, which functioned as a tutorial. A conversation in ARIS enables the player to engage with a game character often through tree logic through which the player makes response choices of how to engage with a game character.
In addition to the complexities of understanding conditional logic, most participants struggled with understanding locks because they are not easily visible to the learner in the editor interface. Gracie expresses her frustration with locks:
"And like I thought we could just...drag it in the order you wanted to, but you had to put locks. You had to do this, this, and then this, and then it would go, but you wouldn't see it. But it would work. But you wouldn't see it, which that bugged me ' cause I wanted to physically see it. " (Interview, March 30, 2017).
Gracie struggled with the lack of visibility of locks, since they are the primary tool with which learners instantiate the logic and flow of their games. Young people across workshops, expertise levels, and backgrounds found locks particularly challenging simply because there was no visual representation of them. Here, the issue is not the computational thinking element but rather the design of the computational tool itself.
Engaging with local environment and community through mobile augmented reality
A second theme we noted across our data is that the affordances of mobile augmented reality technologies empower learners to engage with their local environment and community in a way that primes them for civic participation. Since mobile augmented reality technologies are literally an overlay of the real world (Milgram & Kishino, 1994) , they naturally afford location-and placebased designs. Combine the affordances of these technologies with the narrative affordances of the ARIS platform, and it makes sense that learners are able to connect with their local environments and communities by (re)constructing their own historical, civic, and personal narratives in physical locations and places. We noted that engaging young people with personally meaningful topics had a reciprocal effect of more deeply drawing diverse learners across workshops into the nuances of mobile augmented reality technologies. Put differently, not only do mobile augmented reality technologies afford civic participation, but exploring local issues engaged a broad range of learners in computing. We saw participants across workshops critically engage with their local environments and communities in a range of personally meaningful ways. We share an illustrative example below.
Eric, an 11-year-old Caucasian boy, created a game called Animal Masters, in which players progress through the evolution of food chains of local animals (see Figure  4 ). For example, players start by collecting seeds until they had enough seeds to begin collecting squirrels. Eric further explicates: "I chose a few [animals] that were on top of the food chain, which are like
[EDUCATION]
FIGURE 3. An example of logic through the ARIS game object "locks. " The player is not able to progress in the game until after they have exited the conversation named "Beginnig" [sic] .
the cougar and like a hawk… because like you wouldn't think of anything else that might want to eat them. And like the smaller animals because you think that they' d be hard to like find because they're so small. But, they're really, really common" (Interview, March 30, 2017).
Eric engaged in a playtesting and debugging process that bridged the digital and physical worlds, similar to Gracie's process. For Eric, though, going outside became a source of inspiration and reflection on the purpose and impact of his game. He expounds: "When I'm outside, sometimes I see animals that are like I don't really know how to describe it, but like I see them so then I think [to put that] into my game to make my game better and also to make like the animals' lives better. " (Interview, March 30, 2017). Eric's topic invited him to engage more deeply in the design and computational processes with mobile augmented reality. He further explains the broader impact he hopes his game will have: As Eric continued developing his game, he realized the potential impact his game could have to educate his community. Thus, he also incorporated pollution into his game.
He built trash factories that spawned trash on the player's map and added an additional logic requirement for the player to "pick up junk and take out the trash" in order to progress in the game (see Figure 5) .
In this example, Eric is able to connect with his local ecological and environmental contexts through creating with mobile augmented reality technologies. As he progressed through his design process, Eric realized the power of his ecological food chain story and the global impact his game could have through raising awareness about environmental issues that threaten wildlife.
More broadly, in our workshops, we have found that mobile augmented reality technologies bring together place and story in a way that enables learners to build deeper, more meaningful relationships with their local environments by developing a better understanding of the embedded cultures and communities. In some cases, participants reported that through producing a mobile augmented reality game or story, they felt more obliged to participate in relevant local and civic issues in their communities. For example, Doug, a 12-year-old Caucasian boy, explained that designing with these technologies had an immediate impact in his day-to-day life. He claims, "...like, litter, if I see some I wanna clean it up ' cause like doing this game I've kind of learned how it's hard for the animals to survive and stuff. " (Interview, March 30, 2017). Additionally, Mitchell, a 13-year-old Caucasian boy, explained that he will also try to pick up trash, but added that he plans to "make more video games about it" (Interview, March 30, 2017) to draw attention to the environmental impact we can have. While this level of participation toward civic activism was not widespread among workshop participants, it is encouraging to see these cases emerge as examples of what's possible by producing with mobile augmented reality. We are currently more deeply analyzing what motivated learners to this level of participation and how exploring civic and social topics broaden participation in computing by engaging diverse learners.
DESIGNING MOBILE AUGMENTED REALITY TOOLS AND ACTIVITIES FOR EDUCATION
To explore the new genre of learning that mobile augmented technologies afford, we have conducted a series of workshops in which young people produce their own designs with these technologies. Our efforts thus far have shed light on how to equip learners to become better producers of mobile augmented reality and design scaffolds to support their learning of computation and participation in civic issues. Specifically, one design challenge unique to mobile augmented reality that [EDUCATION]
is central to our work is how to design tools and activities that help young people understand and negotiate across and between their physical and digital worlds. We offer two insights to designing tools and activities within and for this complex problem space.
First, designing with novel technologies, such as mobile augmented reality, creates a multimodal and interdisciplinary problem spaces for learners. Simply put, this is hard! Hence, to make all young people successful producers of these technologies, there is a critical need for scaffolds and supports to help them think effectively and efficiently across physical and digital time and space. In response to this need, the LED Lab has put forth a significant effort to design better scaffolds to on-ramp and support young people to become producers of mobile augmented reality . For example, storyboarding is one design scaffold that helps learners translate their story and game ideas from their head to the digital world. The storyboarding tool (see Figures 2  and 4 above) is a paper prototyping process that includes ARIS specific storyboarding cards, which help learners outline their game ideas using ARIS components and features. Once the learner has created their game idea using the storyboard, they can then refer to their storyboard as they begin making their game on the web-based editor. Our lab has (re)designed the storyboarding process and tool to better support this translation process in the ARIS design process. Through a partnership with the Field Day Lab, the new storyboarding tool and process is available as a free course here: https://fielddaylab.wisc. edu/courses/storyboarding. Second, mobile augmented reality technologies facilitate connections with local environments and communities in a way that can prompt civic participation. In our work, we note that mobile augmented reality specifically leverages place and story as vehicles to critically engage young people in a meaningful and creative design process. As producers of these technologies, then, learners connect with place through storytelling, which has been shown to be a more accessible approach to computational production (Kelleher, 
CONCLUSION
As scholars continue to think about and design for young people becoming producers of new technologies, our research contributes to building an understanding of what learners as producers means in the context of mobile augmented reality technologies. We are encouraged by the promise of young people learning computational content and participating in local civic issues by producing their own mobile augmented reality games and stories. These new technologies afford multimodal, interdisciplinary connections between learners' digital and physical worlds. Within this complex problem space, young people work out equally complex computational issues that are both literally and figuratively connected to the real world. Mobile augmented reality prompts and empowers young people to engage beyond the screen and become producers of the world around them. n Breanne K. Litts is an assistant professor in Instructional Technology and Learning Sciences, and rthe director of Learn Explore Design Lab at Utah State University. Her scholarly interests combine identity, learning, design, and technology, particularly from a learning sciences perspective. She investigates how people learn and collaborate through making, designing, and producing. Whitney Lewis is an instructional designer at Intuit, where she routinely uses design thinking processes to iteratively and thoughtfully develop training solutions. Her day-to-day work incorporates user-centered design decisions through visual, interactive, and learning design. She graduated with her MS degree from Utah State University in May 2018, where she researched how design scaffolds could be used to support youth learners' computational making processes.
